Abstract. This multicentric population-based study in Brazil is the first national effort to estimate the prevalence of hepatitis B (HBV) and risk factors in the capital cities of the Northeast, Central-West, and Federal Districts (2004-2005). Random multistage cluster sampling was used to select persons 13-69 years of age. Markers for HBV were tested by enzyme-linked immunosorbent assay. The HBV genotypes were determined by sequencing hepatitis B surface antigen (HBsAg). Multivariate analyses and simple catalytic model were performed. Overall, 7,881 persons were included; < 70% were not vaccinated. Positivity for HBsAg was less than 1% among non-vaccinated persons and genotypes A, D, and F cocirculated. The incidence of infection increased with age with similar force of infection in all regions. Males and persons having initiated sexual activity were associated with HBV infection in the two settings; healthcare jobs and prior hospitalization were risk factors in the Federal District. Our survey classified these regions as areas with HBV endemicity and highlighted the risk factors differences among the settings.
INTRODUCTION
Hepatitis B virus (HBV) infection is a major health problem and causes significant levels of morbidity and mortality worldwide. The World Health Organization estimates that two billion people have at least one marker of HBV infection, and 350 millions are chronically infected and at risk of developing chronic liver disease and hepatocellular carcinoma. 1, 2 Sexual activity, perinatal transmission, health-care activities, non-sexual household contact, and needle-sharing, are some of the well-documented HBV transmission routes. 2, 3 In developing countries, comprising most of Asia, sub-Saharan Africa, the Pacific and the Amazon region, more than 8% of persons are chronically infected in the general population, with a high rate of infection during childhood. 4 In contrast, in areas of low/intermediate endemicity, most HBV infections occur during adolescence and adult life. 2 The HBV vaccine was first licensed in the United States in 1981 and has proved to be a highly effective and safe vaccine that is widely used as part of the pediatric vaccination schedule in most countries. 2, 5 Most of Brazil is classified as having intermediate endemicity for HBV infection, with the main exception being the region of high HBV endemicity in the western Amazon region where hepatitis delta virus also circulates. [6] [7] [8] [9] [10] In 1989, the Brazilian government first implemented immunization against hepatitis B for infants and children in the western Amazon region and gradually expanded this to other regions. Vaccination of risk groups for the entire country started in 1992, and new groups have been successively added to the original list. Since 1998, HBV vaccine has been incorporated into the immunization schedule for infants as a national policy; in 2001, this was broadened to include children and adolescents. 11 The epidemiology of HBV infection in Brazil has been assessed mainly using data from blood donors, health-care workers, hemodialysis and schistosomiasis patients, 12, 13 pregnant women, and drug users, [14] [15] [16] with few studies conducted in restricted areas. 7, 8, [17] [18] [19] Therefore, population-based data for HBV infection are lacking for most areas of the country. The present study is part of an ongoing population-based hepatitis survey aimed at estimating the prevalence and predictive factors for HBV infection in all state capitals in the Northeast and Central-West regions and in the Federal capital of Brazil.
MATERIALS AND METHODS
Study populations and sample design. The Brazilian National Hepatitis A, B, and C survey is a cross-sectional household investigation in a representative sample of the population. We report on the hepatitis B survey conducted in the Northeast region (nine capital cities), the Central-West region (three capital cities), and the Federal District of Brazil, also located in the Central-West region, during September 2004-June 2005 ( Figure 1 ). The Northeast and Central-West regions contain approximately 36% of the country's total population, with 51.5 and 13.2 million inhabitants, respectively. For the target age group (13-69 years of age), the population was 32.4 millions in the Northeast region, 8.3 million the Central-West region, and 1.5 million inhabitants for the Federal District.
The inclusion criterion was persons 13-69 years of age residing in the capital cities. More detailed information on sampling and data collection has been reported. 20 Briefly, the study population was stratified in two age strata (13-19 years) and (20-69 years) and by state capital in each area, using a constant sampling fraction. A random sample was obtained using a multistage cluster sampling strategy based on census tract, which is the smallest geographic unit with sociodemographic data available (approximately 300 households corresponding to 1,000 inhabitants). Census tracts were selected by systematic sampling (with probability proportional to size) to represent all socioeconomic groups measured by the mean number of schooling of the head of the household. In this second stage, blocks were systematically selected with probability proportional to size, and a systematic sampling of households was drawn in each block. All residents in the age group considered were recruited in the selected households. 20 A total of 7,881 individuals were enrolled in the study: 3,077 persons in 1,504 households living in 254 census tract in the Northeast region, 3,152 persons in 1,595 houses located in 94 census tracts in the Central-West region, and 1,652 persons in 787 households and 31 census tracts in the Federal District.
Data collection. Individual data on socioeconomic status, sexual behavior, blood-related procedures, alcohol consumption and drug use were collected by trained interviewers using a structured questionnaire during household visits. Selfreported HBV vaccine status was assessed and confirmed by a vaccination card, when available.
Laboratory tests and definitions. Blood samples were collected after the interview and specimens were tested for antibodies against hepatitis B core antigen (HBc) using an enzyme-linked immunosorbent assay (Axsym™; Abbott Laboratories, Abbott Park, IL) in central public health laboratories. Positive results were considered to indicate current or past HBV infection. Samples positive for HBc were tested for antibodies against hepatitis B surface antigen (HBs). Samples negative for HBs were tested for hepatitis B surface antigen (HBsAg). Both tests were performed using the same technique (Axsym™). Borderline results were retested and indeterminate results were excluded from the analysis.
Chronic HBV infection was determined by the presence of HBsAg and antibody against HBc. The presence of HBV infection was determined by detection of antibody against HBc in accordance with the National Health and Nutritional examination survey. 21 Samples positive for HBsAg were tested for HBV DNA and genotyped. A nested polymerase chain reaction was carried out as described by Kaneko and others 22 with some modifications. The S region was amplified according to a standard technique 23 for identification of the HBV genotype. Sequencing reactions for characterization of viral strains were performed using a polymerase chain reaction according to a method previously reported. 24 Genotyping were conducted by comparison of sequences obtained with other known sequences from different HBV genotypes deposited in the GeneBank by using the Edit Seq and MegAlign programs in Lasergene ® software (DNAStar, Madison, WI).
Statistical analysis. Data analysis was performed separately according to region (Northeast, Central-West, and Federal District). Prevalence and 95% confidence intervals (CIs) were calculated, stratified according to vaccination status, and corrected by design effect.
The force of infection in the three regions was estimated from HBV age-specific seroprevalence by catalytic modeling. The simple catalytic model was used to calculate incidence, immunoconversion, and/or reversion rates from cross-sectional data. The underline assumption is that the current age-specific patterns reflect the effect of age-independence incidence. In such a context, the incidence is equivalent to an incidence rate calculated with person-time denominator and denominated force of infection. 25 Risk factor analysis included the population at risk for HBV infection (non-vaccinated individuals). The association between positivity for antibodies against HBc and individual variables was assessed by calculating odds ratios (ORs) with a 95% CI and P value. Variables associated with the outcome in univariate analyses with P < 0.20 were successively included in a multivariate logistic regression model. In univariate and multivariate analysis, the ORs were corrected using the random design effect caused by the study design and weighting caused by the difference in sampling fraction between age groups. Stata version 9.2 statistical software (Statacorp, College Station, TX) was used for statistical analysis.
Sample size. The sample size was calculated on the basis of an expected prevalence of seropositivity for HBsAg for each region based on previous studies (Northeast = 0.2%, CentralWest = 1.04%, and Federal District = 0.09%). 26, 27 The variance was estimated as 20% of the prevalence value for the Northeast and Central-West regions and 30% of the prevalence value for the Federal District.
Ethical issues. Interviews and blood sample collection were performed after persons signed a written consent form. For minors, the legal guardian's consent was obtained. The project was reviewed and approved by the National Research Ethics Committee of the Brazilian National Health Council and the local research ethics committees.
Each positive result was delivered by the medical coordinator, and all negative results were sent by mail to participants. Individuals who were positive for HBsAg were referred to hepatology outpatient clinics in public referral hospitals for clinical evaluation. Persons negative for HBV were referred to public health services for vaccination.
RESULTS
Prevalence. Of 7,881 individuals investigated, approximately 30% reported HBV vaccination. Residents of the CentralWest region, including the Federal District, reported higher frequencies of HBV vaccination (35%) compared with persons in the Northeast region (25%). Vaccination status was reported by approximately 80% of the population in all regions. The prevalence of HBV infection among non-vaccinated individuals was approximately 10%, and the prevalence of infection among vaccinated individuals was 4.3%. Table 1 shows the prevalence of antibodies against HBc according to vaccination status, stratified according to region. Among non-vaccinated groups, the prevalence of infection varied from 8.1% (95% CI = 6.2-9.9%) to 10.3% (95% CI = 8.4-12.0%) in the Federal District and Central-West region; differences were not statistically significant. Higher frequencies of infection were consistently found among nonvaccinated groups than among vaccinated groups in all areas. Higher prevalence of HBV infection was detected among males and among older age groups in all regions. Estimated prevalence of hepatitis B infection was higher for males than for females in all regions.
Vaccinated individuals had lower median values for age than non-vaccinated individuals in all regions: 19 and 28 years for the Northeast region, 18 and 32 years for the Central-West region, and 13 and 32 years for the Federal District. Of the 2,453 participants who presented a vaccination card, the positive and negative predictive values of self-reported HBV vaccination status were 93.7% (95% CI = 92.5-94.7%) and 95.0% (95% CI = 92.7-96.6%), respectively, with similar figures for all regions.
The simple catalytic model for non-vaccinated individuals shows that the incidence of infection increases with age, with similar force of infection in all regions ( Figure 2 ). The prevalence of HBV infection increased with age for vaccinated and non-vaccinated groups, showing a similar trend among the regions.
The prevalence of HBsAg for the non-vaccinated population 13-69 years of age was 0.19% (95% CI = 0.02-0.36%) for the Northeast region, 0.47% (95% CI = 0.13-0.81%) for the Central-West region, and 0.60% (95% CI = 0.01-1.19%) for the Federal District. There was no statistically significant difference among the settings.
Genotypes A and F were identified in the Northeast region and genotypes A and D were identified in the Federal District; genotypes A, D, and F co-circulate in the Central-West region. Genotype A was predominant (approximately 50%), followed by genotypes D and F.
Bivariate analysis. Table 2 shows individual risk factors associated with hepatitis B infection adjusted for age. Male sex was consistently associated with infection across the three regions (OR ~ 2.0). In the Northeast region, social and economic status, as expressed by schooling and literacy, was a predictor of HBV infection. Tattooing was also related to the antibody marker (OR = 2.2, 95% CI = 1.2-4.3). In the Central-West region, a low level of education and having been employed in the past week were associated with HBV infection, as well as hospitalization in the past 12 months (OR = 1.95, 95% CI = 1.0-3.7). In the Federal District, individuals reporting paid employment in the past week had higher levels of HBV infection compared with those who reported that they had no paid work. Individuals who reported a history of blood transfusion showed a three-fold increase in prevalence of infection compared with those with no such history (OR = 3.24, 95% CI = 1.48-7.09). Healthcare related jobs (OR = 2.05, 95% CI = 1.03-4.05) was a predictor of HBV infection and ever being hospitalized showed an association with a borderline P value (OR = 1.83, 95% CI = 0.95-3.55, P = 0.07).
Approximately 80% of the study population (13-69 years of age) in the three regions reported having initiated sexual activity; this was a risk factor for infection in the Northeast and Central-West regions. In the Northeast region, factors related to HBV infection were having a bisexual partner or not knowing (OR = 4.49, 95% CI = 2.06-9.81) and a history of a sexually transmitted disease (OR = 1.74, 95% CI = 1.16-2.60). In the Central-West region, a sexual partner with a past or current history of hepatitis was a predictor of infection.
A life history of more than one sexual partner was associated with HBV infection in the Central-West region and Federal District ( Table 3 ) .
Smoked drugs had frequencies varying from 6.3% (CentralWest region) and 11.1% (Federal District). Heavy alcohol consumption ranged from 5.8% (Central-West region) to 10.8% (Northeast region). Reporting of sniffed drugs varied from 5.2% in the Northeast region to 3.2% in the CentralWest region. Self-acknowledge of inhaled drugs ranged from 1.7% in the Northeast region to 0.8% in the Federal District. Only a few individuals reported current or past use of injected drugs in all regions.
Factors associated with infections were use of smoked and sniffed drugs, and heavy alcohol consumption in the Northeast region. In the Central-West region, use of smoked drugs was marginally significant in relation to hepatitis B infection. In the Federal District, having ever used inhaled drugs and having ever drunk alcohol was related to seropositivity ( Table 4 ) . Results of the final multivariate model showed that age and socioeconomic conditions remained independent risk factors in all regions ( Table 5 ) . Male sex and having initiated sexual activity were strongly associated with HBV infection in the Northeast and Central-West regions. In Federal District, having a healthcare-related job and previous hospitalization were independently associated with infection. Having had a tattoo was kept in the final model (Northeast region) despite having a P value of 0.14 because it was likely to be caused by the lack of statistical power. In addition, collinearity between tattoo and illegal drug use was found in the intermediate steps of the multivariate analysis. Therefore, the variable tattooing may also reflect the use of illegal drugs and the association between tattooing and HBV infection should be interpreted with caution.
DISCUSSION
This hepatitis B survey conducted among a representative sample of the population 13-69 years of age in Brazil showed a prevalence of HBsAg of less than 1% in the Northeast and Central-West regions and in the Federal District of Brasília, representing an overall estimated 30,000 individuals chronically infected with HBV. Our findings classify these areas as having low endemicity for HBV, rather than intermediate endemicity defined by previous studies. 3 In our study, an upward trend for HBV infection (antibodies against HBc) with age showed a similar force of infection, when evaluated using the simple catalytic model, which indicates comparable transmission rates in all regions. The HBV infection data refer to the non-vaccinated group because it represents the population at risk. In the three settings, the overall prevalence of HBsAg for the unvaccinated population was less than 1%. In accordance with these findings, surveys of blood donors in Brazil also showed an HBsAg prevalence of approximately 1% in the Central-West and Northeast regions 14 and less than 1% in selected state capitals across the country. 13 In this population-based study, HBV genotypes A and F were present in the Northeast region and genotypes A, D, and F were present on the Central-West region. These results are consistent with predominant genotypes circulating in all regions in Brazil, as identified in blood donors 28 or among chronically infected patients. 29, 30 It is worth noting that the F genotype identified may indicate population movement from the Amazon region where this genotype predominates. 7 In our study, a higher prevalence of infection occurred in males than in females at the population level, as in the United States National Health and Nutrition Survey. 21 Other studies have also presented higher frequencies of HBV infection among males recruited from restricted areas and in volunteers or clinic outpatients from different regions in Brazil. 8, 31, 32 In the three regions in Brazil, age was an independent predictor of HBV infection, which indicates length of time for viral exposures and initiation of sexual activity, which is considered the main risk factor for HBV acquisition in most countries. 2, 33 Initiation of sexual activity was strongly associated with HBV infection in the northeast and Central-West regions, in accordance with most studies, 33 which indicates the importance of reinforcing safe sexual behavior. Having a partner with homosexual experience and tattooing were also significantly associated with HBV infection in the Northeast region. However, issues relating to sexual practices should be interpreted with caution, because these data were collected in one interview in the household. Healthcare-related employment was positively associated with the HBV in one area (Federal District), suggesting missing opportunities for HBV vaccination and safe medical practices. Ever having used inhaled drugs was associated with infection and this factor could be considered either a risk factor or a surrogate marker for other practices. Because drug use is an illegal practice, this information may be underestimated in a population-based study. Interestingly, a lower level of education was a risk factor for HBV infection in the Northeast region, which is the most deprived area in the study. 20 Although most of the predictor factors found in our study are well-described risk factors for HBV, 33 some unexpected associations were found, such as paid employment and dental treatment as a protective factor. These risk factors could be interpreted as markers for socioeconomic conditions that the multivariable analysis was not able to control.
Our study aimed to evaluate HBV infection and chronically infected individuals in capital cities. These results are valid for the most populous cities in the study regions, where the largest human reservoir of HBV is expected to be found. However, a limitation exists in extrapolating these findings to smaller cities or rural communities. In Brazil, most studies reporting areas in which HBV is highly endemic were conducted in limited areas. 7, 8, 18 Another potential limitation was that because our study was a household survey, underreporting of sensitive questions (drug use, sexual behavior) was likely. The association of HBV with these variables should be interpreted in that light.
This multicentric study in the Northeast and Central-West regions is the first national effort to obtain knowledge of hepatitis B infection and its magnitude and diversity of risk factors in large urban areas. Among the study participants, the non-vaccinated group was older than the vaccinated group and represented approximately 70% of the total population. This finding appears to be compatible with national HBV vaccine policy that has currently achieved a high degree of coverage. Vaccination for HBV was later extended to adolescents in the public sector. 11, 31 Our data indicated that approximately 4% of HBV infections among the vaccinated group could be explained by previous natural infection among adolescents and high risk groups because serologic screening is not a public health recommendation before HBV vaccination.
Estimating the prevalence of immunization is outside the scope of this study because the test for detecting antibody against HBs was not performed for the whole study population. However, it was possible to identify the non-vaccinated population with a reasonable degree of certainty because there were highly positive and negative predictive values for selfreported information regarding vaccination compared with the vaccination card. Our finding of approximately 30% of HBV-vaccinated individuals was similar to the results of HBV vaccine coverage in the U.S. National Health Interview Survey, based on self-reporting of HBV vaccination status among the adult population. 3 Our findings that age and initiation of sexual activity are risk factors for HBV reinforce the need for extensive HBV vaccine coverage among adolescents to prevent viral infection. All individuals in the risk groups identified by our survey should be considered candidates for HBV vaccine and educational measures. The impact of vaccination can be assessed by estimating incidence of infection from prevalence data using catalytic modeling as reported by two population surveys during different periods. 1, 21 Such evaluation showed no reduction in HBV infection during the time in which high-risk adults were targeted for hepatitis B vaccination. 34 Therefore, vaccination upon request for individuals without specific risk should be considered, in accordance with the current recommendations of the Centers for Disease Control and Prevention (Atlanta, GA). 3 The range of risk factors found in our study over the three areas underlines the complexity involved in drawing up a national policy to target specific risk groups.
This survey shows the importance of generating baseline population-based information on HBV infection and conducting periodic cross-sectional surveys to assess the impact of HBV vaccination and to facilitate educational strategies that take into account regional differences.
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